Introduction
The transforming growth factor-b (TGFb) family of cytokines activates an array of signalling pathways, including Smad2-, Smad3-and Smad4-mediated transcription and stress-activated kinases such as p38 and Jun-N-terminal kinase (JNK) (Wakefield and Roberts, 2002) . These pathways can lead to reduction in cell growth and survival (Derynck and Zhang, 2003) , with Smad4 expression being lost in certain tumours (Hahn et al., 1996) . A key outcome of TGFb signalling in some cell types is the induction of apoptosis; lymphocytes and hepatocytes are particularly sensitive. A striking characteristic of TGFb-induced apoptosis is the slow onset, with requirement for changes in gene expression (InayatHussain et al., 1997; Teramoto et al., 1998) . This has precipitated a search for potential apoptotic regulators whose expression is controlled by TGFb (Coyle et al., 2003; Yang et al., 2003) .
To date, several proteins have been put forward as potential candidates for such a role, including IkB-a (Arsura et al., 1996) , death-associated protein kinase (DAP-kinase) (Jang et al., 2002) , the lipid phosphatase SHIP-1 (Valderrama-Carvajal et al., 2002) , the stress and cytokine inducible GADD45b protein (Yoo et al., 2003) and the connective tissue growth factor (CTGF) (Hishikawa et al., 1999) . Other proteins that play a facilitative role in TGFb-induced death, but whose expression is not induced by it, include the adaptor proteins DAXX (Perlman et al., 2001 ) and CD2AP (Schiffer et al., 2004) and the septin ARTS- (Larisch et al., 2000) . In addition, the proapoptotic Bcl-2 family protein Bim is a Smad3-dependent TGFb-induced protein in B lymphocytes (Wildey et al., 2003) , whose binding to Bcl-X L increases during TGFb-induced apoptosis (Ohgushi et al., 2005) . Furthermore, Bad and Bid (Kim et al., 2004) undergo caspase-dependent cleavage to more potently apoptotic forms after TGFb stimulation, while the antiapoptotic proteins Bcl-X L and Bcl-2 have been demonstrated to undergo TGFb-mediated downregulation in several cell types (Saltzman et al., 1998; Francis et al., 2000; Chipuk et al., 2001; Kanamaru et al., 2002) . Finally, TGFb may antagonise survival signalling through the physical interaction of Smad3 with Akt (Conery et al., 2004; Remy et al., 2004) .
Although many of these proteins may play some role in TGFb-induced apoptosis, likely with variations between cell types, it has proved difficult to establish an unequivocal requirement for any of them as the key activator of the apoptotic machinery, leading to the idea that there might exist substantial redundancy in the transcriptional response to TGFb that ensures efficient execution of the cell death programme. We report here the results of a microarray analysis of TGFb-regulated transcription in a mouse hepatocyte cell line where apoptosis is the overwhelming response to TGFb treatment. We find that TGFb strongly induces expression of the proapoptotic Bcl-2 family proteins Bmf and Bim in these cells and also in a number of other cell systems. Suppression of the induction of both of these two BH3-only proteins together significantly inhibits TGFbdriven apoptosis, suggesting that they might play at least partially redundant roles in the regulation of cell death. Bmf and Bim acting together may be significant inducers of TGFb-regulated apoptosis in a number of cell types.
Results
In order to investigate the mechanisms involved in TGFb-induced cell death, we used the normal murine hepatocyte cell line, AML12, and the normal murine mammary epithelial cell line, NMuMG. Addition of TGFb caused extensive cell death by 48 h in both cells with concomitant caspase-3 cleavage (Figure 1a and b) . Analysis of the two cell types by Annexin V/4, 6-diamidino-2-phenylindole (DAPI) or propidium iodide (PI) staining revealed differences in the kinetics of changes in their fluorescence-activated cell sorting (FACS) profiles after TGFb stimulation ( Figure 1c ). AML12 cells rapidly became both Annexin V-positive and DAPI-positive, whereas NMuMG cells appeared to progress more slowly through the cell death programme, accumulating in the Annexin V-positive only state before membrane rupture and subsequent DAPI staining ( Figure 1c ). AML12 cells also appeared to undergo loss of mitochondrial membrane potential more rapidly than NMuMG cells ( Figure 1c ). As caspase-3 was activated in both cell types, it appeared likely that caspases were responsible for mediating cell death in both AML12 and NMuMG cells. This was confirmed using the broad-spectrum caspase inhibitor, Boc-D-FMK, which prevents TGFb-induced apoptosis in both cell types (Figure 1d ). However, AML12 cells are only partially protected by the more selective caspase inhibitor Z-VAD-FMK (Figure 1d ), possibly suggesting the involvement of other effector caspases in this line.
To investigate the role of the various TGFb-induced signalling pathways in the induction of apoptosis, we knocked down Smad4 expression in both cell types using RNA interference (RNAi). Both stable cell clones expressing a short hairpin RNA vector and cell populations transiently transfected with synthetic small interfering RNA oligonucleotides showed downregulation of Smad4 (Figure 2a) . The transient and stable RNAi systems targeted different sequences in the Smad4 mRNA, reducing the likelihood of artifactual off-target effects. Smad4 downregulation dramatically inhibited the induction of cell death by TGFb in both cell types (Figure 2a) , confirming the importance of the Smad pathway in apoptosis.
The p38 pathway has also been implicated in TGFbinduced cell death (Liao et al., 2001; Schrantz et al., 2001; Park et al., 2002; Yu et al., 2002) , with use of an MKK3 dominant-negative construct or p38 inhibitors providing protection against TGFb-induced killing in some systems (Yu et al., 2002; Edlund et al., 2003; Yoo et al., 2003) . However, there are cell type differences as to whether TGFb induces p38 activation and whether this is Smad-dependent or Smad-independent (Takekawa et al., 2002; Yu et al., 2002; Yoo et al., 2003) , with early and late phases of p38 activation also likely employing different mechanisms. In the cell lines used here, TGFb induced only minor activation of p38 as shown by analysis of MAPKAPK-2 phosphorylation ( Figure 2b ) and p38 phosphorylation at various time points (data not shown). The p38 kinase inhibitors SB202190 (Figure 2b ) and SB203580 (data not shown) markedly inhibited the basal level of p38 activity in AML12 and NMuMG cells. In order to address whether, and over what time period, p38 activity might be essential for TGFb-mediated cell death, the p38 inhibitors were either used during the first 12 h or during the final 36 h of TGFb stimulation. Inhibition of the p38 pathway in AML12 cells robustly abrogated TGFbinduced cell death, but only when the inhibitor was applied at the later time interval (12-48 h). By contrast, NMuMG cells demonstrated little alteration in their response to TGFb on treatment with p38 inhibitors (Figure 2b ). The importance of the p38 pathway in the induction of apoptosis by TGFb therefore differs between these two cell types, while Smad function is essential in both cases. As TGFb only causes relatively small increases in p38 activity, basal p38 signalling may play an important role in the induction of apoptosis by TGFb in AML12 cells. In these cells, it has been proposed that p38 activation is downstream of Smadmediated induction of GADD45b (Yoo et al., 2003) .
As changes in gene expression are required for TGFbinduced apoptosis, we sought to identify apoptotic genes regulated by TGFb in a Smad4-and/or p38-dependent manner in AML12 cells using Affymetrix microarrays. From three independent replicates, a number of cell death-associated proteins were identified as being differentially up-or downregulated by TGFb between wild-type and the Smad4-deficient cells, or between wild-type cells in the presence or absence of the p38 inhibitor. In addition, well-characterized TGFb-regulated genes such as PAI-1 (induced 4.1-fold) and c-Myc (suppressed 2.8-fold) were identified, acting as positive controls for microarray function. The Bcl-2 protein family was significantly represented in our data set, with Bmf, Bim and Bcl-X L detected in the TGFb-regulated Smad4-dependent gene list, as well as Bmf and Bim in the p38-dependent gene list. We chose to focus on cell death-associated genes whose expression was most differentially regulated by TGFb (greater than 1.5-fold; Table 1 ). Significantly, the proapoptotic BH3-only protein, Bmf, emerged as the most strongly upregulated cell death-associated protein in both the Smad4-dependent and p38-dependent gene lists. None of the other previously reported TGFb-induced apoptosis regulators were found in this analysis to be modulated in the direction expected, a result also confirmed by Western blotting for IkB-a, DAP-kinase, Bid and Bad ( Figure 3b ) and SHIP-1 (data not shown).
To confirm that Bmf and Bim are both TGFbinduced Smad4-and p38-dependent genes in AML12 cells, we used reverse transcription-polymerase chain function results in complete loss of Bmf and Bim expression in response to TGFb. Bmf and Bim proteins were induced rapidly, between 1 and 4 h after addition of TGFb (Figure 3c ), suggesting that they are relatively direct targets of these pathways.
Bmf and Bim are reported to be additionally regulated through their interaction with specific components of the cytoskeleton (Puthalakath et al., 1999 (Puthalakath et al., , 2001 ). Thus, we sought to determine the localization of the TGFb upregulated Bmf and Bim through subcellular fractionation. Purified components of the cytoskeleton revealed enrichment for a large portion of the induced BH3-only proteins (data not shown). However, we also detected significant noncytoskeletal-associated Smad4-and p38-dependent cell death-associated genes that are regulated by TGFb by greater than 1.5-fold. Differentially regulated genes are assigned biological functions using the Affymetrix GO browser analysis software. Bmf and Bim are highlighted in bold. pools of Bmf and Bim in cells. Subcellular fractionation revealed that upregulated Bmf and Bim were also enriched on high-density microsomes (HDM), which consist of endoplasmic reticulum and mitochondrial membranes (Figure 3d ). The presence of Bmf and Bim here is consistent with their ability to induce cell death through their sequestration of prosurvival members of the Bcl-2 family away from the apoptotic regulators, Bax and Bak. Indeed, Bmf was able to interact with Bcl-X L in vitro (data not shown). In addition, similar to previous data demonstrating downregulation of Bcl-X L in TGFb-stimulated cells (Nass et al., 1996; Saltzman et al., 1998; Chipuk et al., 2001; Herrera et al., 2001b) , we also detected Bcl-X L as one of the apoptotic genes downregulated by TGFb in the microarray. Furthermore, Bcl-X L protein levels in both AML12 (Figure 3b ) and NMuMG (Figure 3d ) cells were correspondingly lower in cells exposed to TGFb and were also dependent upon both Smad signalling and p38 activity (Figure 3b ). To demonstrate that TGFb-mediated regulation of the Bcl-2 family was not unique to AML12 cells, a survey of different cell lines demonstrated that similar regulation occurs in other cell systems. Bmf was induced by TGFb in rat FAO hepatoma cells, the lung CMT170 cell line and the B lymphoma cell line, A20 ( Figure  S1A ), as well as the myeloid cell, M1 (data not shown). Bim was also induced in FAO cells. In addition, examination of NMuMG cells revealed a very similar pattern of regulation of Bmf and Bim to that in AML12 cells, with major inhibition by Smad4 RNAi and at least partial sensitivity to p38 inhibition (Figure 4a ). In all cases where the BH3 proteins underwent TGFb-induction, TGFb-induced cell death was observed ( Figure  S1B ). To ensure the phenomenon was not specific to cell lines only, TGFb-sensitive primary rat hepatocytes were also examined. Similar TGFb-mediated regulation of Bmf and Bim was also observed in primary cells to that seen in the cell lines ( Figure S1C ).
Previous reports have suggested a role for reactive oxygen species (ROS), which can be rapidly generated after TGFb addition, in the induction of apoptosis (Thannickal and Fanburg, 1995; Sanchez et al., 1996; Herrera et al., 2001a) . In order to determine if ROS played a role in the regulation of the Bcl-2 family proteins, we used the ROS scavengers pyrrolidinedithiocarbamic acid (PDTC) and ascorbic acid to inhibit ROS generation. Similar to previous reports, we found that TGFb-mediated Bcl-X L down-regulation was attenuated in the presence of the ROS scavengers in both AML12 and NMuMG cells. More strikingly, TGFbmediated Bmf and Bim induction were almost completely prevented in the presence of the ROS scavengers (Figure 4b ). This suggested a role for ROS in the TGFbmediated regulation of changes in apoptotic gene transcription. To determine whether oxidative stress alone was sufficient to induce changes in the expression of the apoptotic proteins, we treated the cells with exogenous hydrogen peroxide. In both AML12 and NMuMG cells, hydrogen peroxide failed to induce either Bmf or Bim protein levels (data not shown). This suggested that TGFb-mediated ROS production alone is insufficient to induce changes to Bcl-2 family protein levels, but only in conjunction with other TGFbmediated signalling pathways, most likely involving Smad-mediated transcription, can such changes occur.
To address whether overexpression of Bim or Bmf by themselves is sufficient to induce cell death in AML12 cells, a GFP marker plasmid was co-transfected along with Bim or Bmf expression constructs. The level of cell death in the transfected cells was assessed 48 h later using FACS analysis of Annexin V and PI staining ( Figure 4c ). As expected, both Bim and Bmf, but not an inactive mutant of Bmf, can induce cell death, with Bmf being particularly potent.
In order to determine the importance of the induction of Bmf and Bim in the TGFb-mediated cell death process, we sought to inhibit their upregulation using siRNA oligonucleotides. In both AML12 and NMuMG cells, Bmf levels were undetectable in the absence of TGFb and their induction by the cytokine was almost totally blocked by transient transfection of siRNA oligos targeting Bmf (Figure 5a ). Bim levels were barely detectable in NMuMG cells in the absence of TGFb and their induction was completely blocked by siRNA oligos targeting Bim. In AML12 cells, a significant basal level of Bim expression could be detected: 50 nM oligo against Bim reduced the level of Bim following TGFb treatment to about the basal level in control cells (Figure 5a , right hand lane). Combinations of the two oligos effectively inhibited the induction of the two targets together. It was thus possible to use RNAi to maintain the amounts of both Bmf and Bim in each cell line at the basal level even following prolonged exposure to TGFb. A second pair of siRNA oligos against different sequences on Bmf and Bim could cause similar inhibition of protein expression ( Figure S2A ).
Individually preventing Bmf or Bim upregulation provided only partial protection for AML12 and NMuMG cells, as determined by FACS analysis (Figure 5b, Figure S2B ) or by the appearance of the activated, cleaved fragment of caspase-3 (Figure 5a , bottom panel). However, simultaneous use of RNAi to reduce Bmf and Bim to basal levels was sufficient to provide significantly more protection in both cell types (Figure 5b , Figure S2B ), with protection being close to complete in NMuMG cells, indicating that Bmf and Bim induction function together during TGFb-mediated apoptosis. As loss of neither one alone is sufficient to protect cells, increasing levels of Bmf and Bim are likely to have at least partially redundant function in the induction of cell death by TGFb.
Discussion
To date it has been unclear exactly which proteins induced on TGFb treatment of cells lead to activation of the apoptotic programme, in particular the identity of the entry points into the apoptosis signalling pathways. While several proapoptotic proteins have been shown to be induced by TGFb, intervention to change their levels within the range controlled by TGFb has generally proved ineffective in providing major protection in different cell types. In some cases where the expression or activity of TGFb-induced proteins has been targeted, appropriate controls to check for the specificity of any protective effects have not been carried out (Hishikawa et al., 1999; Jang et al., 2002) . In other cases, the importance of signalling intermediates varies between cell systems, such as GADD45b-mediated activation of p38 in hepatocytes (Yoo et al., 2003) , while p38 signalling is not essential in mammary cells (Figure 1) .
From the data provided here, it is likely that the difficulty in finding single mediators of TGFb-induced apoptosis is due to redundancy in the proapoptotic transcriptional programme. The combination of induction of both Bmf and Bim increases the robustness of the apoptotic response to TGFb and makes it less likely that susceptible cells can escape TGFb-induced killing by inactivation of single genes. Downregulation of Bcl-X L may also be important in contributing to cell death in certain systems and may explain the incomplete protection provided by Bmf and Bim inhibition in AML12 cells. Bcl-X L downregulation at the same time that Bmf and Bim are upregulated means that not only do the higher levels of these BH3-only proteins sequester more of the Bcl-X L and other similar prosurvival proteins, but also the overall reduced level of Bcl-X L limits that available for sequestration of Bax and Bak.
Analysis of the promoter regions of Bmf and Bim reveals consensus binding sequences for Smad3/4 complexes, as well as, in the case of Bmf, for the known p38-regulated transcription factor, MEF2C, (data not shown) suggesting that the transcriptional regulation of these genes by TGFb may be relatively direct. In the case of Bim, ROS upregulation of FoxO Forkhead transcription factors (Liu et al., 2005) could also play a role in Bim induction by TGFb (Dijkers et al., 2000) , possibly with FoxO and Smad3/Smad4 acting coordinately (Seoane et al., 2004) . In the case of Bcl-X L , upregulation of the transcriptional repressor Bcl-6 (Table 1) , a known suppressor of Bcl-X L transcription, could explain its suppression by TGFb (Tang et al., 2002) .
ROS play an important role in the apoptotic response to TGFb, being necessary, but not sufficient, for upregulation of Bmf and Bim expression and downregulation of Bcl-X L expression (Figure 3f ). TGFb treatment of hepatocytes has been reported to suppress the expression of a number of key proteins involved in protecting cells from oxidative stress, including manganese-superoxide dismutase, copper/zinc-superoxide dismutase and catalase (Kayanoki et al., 1994) . An earlier microarray analysis of TGFb-regulated transcription in a hepatoma cell line reported downregulation of some nine antioxidant defence proteins, which could lead to elevation of the levels of ROS (Coyle et al., 2003) . Many of these genes are components of the Phase II detoxification response, which are regulated by Smad3-ATF3-mediated repression of the ARE antioxidant response element (Kang et al., 2003; Bakin et al., 2005) . The data presented here suggest that no single Bcl-2 family member is the sole critical mediator of the TGFbinduced cell death response, but instead apoptosis is a result of activation of a transcriptional programme in which a small subset of regulatory proteins, including Bcl-X L , Bmf and Bim, undergo significant expression changes, the combined effect of which is to trigger the cell death programme. In certain cell types, other proapoptotic proteins could also contribute, such as SHIP in haematopoietic cells, although this is not induced in the cell systems used here (ValderramaCarvajal et al., 2002) . The redundancy of the apoptotic programme of gene expression induced by TGFb is likely to be critical in ensuring that death of sensitive cell types occurs on exposure to TGFb and minimizing the possibility of escape from this fate. The full significance of the combined induction of Bmf and Bim by TGFb will require study of the phenotype of mice in which both genes have been deleted; unfortunately the close proximity of these two genes, less than 10 Mb apart on mouse chromosome 2, will hamper the generation of these animals.
Materials and methods

Reagents
The AML12, NMuMG, CMT170 (clone E9) and A20 cell lines were from ATCC. The FAO cells were a kind gift from Kelvin Cain/Marion MacFarlane (Leicester, UK), and the primary rat hepatocytes were a gift from the Sharon Tooze laboratory (Cancer Research UK). The p38 mitogen-activated protein kinase ( . Anti-Bim antibodies was obtained from Calbiochem. The antibody recognizing DAP-kinase was from Sigma, and the Bid antibody from R&D systems. The monoclonal hybridoma tubulin (TAT-1) antibody was generated in-house. Finally, the mouse-specific Bmf antibody was a kind gift from David Huang.
RNAi
To generate stable Smad4 downregulated AML12 cells, the following oligonucleotides were synthesized and high-performance liquid chromatography purified: forward primer 5-GATCCCCGGTGGGGAAAGTGAAACCTTTCAAGAG AAGGTTTCACTTTCCCCACCTTTTTGGAAA, and reverse primer: 5-AGCTTTTCCAAAAAGGTGGGGAAAGTGA AACCTTCTCTTGAAAGGTTTCACTTTCCCCACCGGG. The forward and reverse oligos were annealed, phosphorylated and cloned into the BglII-HindIII sites of pSuper, using standard techniques. AML12 cells were co-transfected with both the Smad4 RNAi vector and pBabe-puro (Morgenstern and Land, 1990) using Effectene (Qiagen, Valencia, CA, USA) at a ratio of 10:1. After 48 h, cells were selected with puromycin, and colonies were available for picking several weeks later.
For synthetic siRNA oligonucleotides against Smad4, Bim and Bmf, predesigned mouse-specific oligos were obtained from Ambion Inc. (Austin, TX, USA). The oligo sequences were as follows:
0 -GGAUU AUUCAAGGACUUUGtt, (Bmf #2) 5-GGUCUUCCUUU UCCUUCAAtt. These were transfected into cells using Oligofectamine (Invitrogen, Carlsbad, CA, USA) at a concentration of -2-100 nM according to the manufacturer's recommendations. For transient Bmf and Bim RNAi, cells were transfected 18 h before addition of TGFb and cells were analysed for cell death after 48 h. For Smad4 oligonucleotides, cells were transfected 48 h before TGFb was added, and cell death was quantified 24 h later.
Cell death assays Cells were stimulated with TGFb and cell death was quantified 48 h later. At 10 min before harvesting, TMRE was added to the media to label active mitochondria. Cells were processed for levels of cell death using Alexa Fluor 647 Annexin V conjugate and PI or DAPI staining. Dead and dying cells were scored as Annexin V-positive and/or PI-positive on a FACSCalibur or LSR (BD Biosciences). For the caspase inhibitor experiments, 50 mM Z-VAD-FMK or Boc-D-FMK were preincubated with cells 2 h before addition of TGFb. The cells were replaced with media containing fresh inhibitor (and TGFb) after 24 h. In the case of the p38 inhibitor experiments, inhibition of early p38 activity (0-12 h) was achieved by preincubation of the inhibitor 30 min before TGFb addition, before being washed out and replaced with fresh media containing TGFb 12 h later. At this 12 h time point, the p38 inhibitor was also added to cells for inhibition of late p38 activity (12-48 h). All cell death experiments were performed in triplicate, and at least three independent times.
Protein expression analysis
For analysis of protein levels, crude cell homogenates were lysed in sample buffer (without bromophenol blue or bmercaptoethanol) following 24 h of TGFb stimulation in the presence of dexamethasone. Lysed samples were sonicated briefly, and total protein was quantified using BCA reagent (Pierce, Rockford, IL, USA). Samples were routinely separated on 12% sodium dodecyl sulphate-polyacrylamide gel electrophoresis gels. In the case of ROS scavenger experiments, cells were pretreated with PDTC (50 mM for AML12; 100 mM for NMuMG cells) and Ascorbic acid (1 mM for AML12; 2 mM for NMuMG) for 1 h before addition of TGFb. Cell lysates were prepared 24 h later. All protein expression analysis was carried out at least twice.
Microarray acquisition and analysis
Experiments using Affymetrix GeneChip Mouse Genome MOE 430A Array oligonucleotide arrays were performed following the manufacturers recommendation (http://www. affymetrix.com/support/technical/manual/expression_manual. affx). A complete description of all procedures and statistical analysis is available in the MIAME checklist file in the Supplementary information. Annotation and classification of the genes was performed using the Gene Ontology browser on the Affymetrix website (http://www.affymetrix.com/analysis/ index.affx).
RT-PCR
Total RNA was extracted from cells using the RNeasy kit (Qiagen), and subjected to RT and PCR using standard protocols. Primers used for PCR were as follows: Bim forward primer 5 0 -ATGGCCAAGCAACCTTCTGATGTAAG, Bim reverse primer 5 0 -TCAATGCCTTCTCCATACCAGACGG. For Mouse Bmf, the forward primer was 5 0 -ATGCCCG GAGCGGGCGTATTTTG, and the reverse primer was 5 0 -TCACCAGGGCCCCACCCCTTC. For Rat Bmf, the sequences were as follows: the forward primer was 5 0 -GAG ACATGGAGCCACCTCAGTG, and the reverse primer was 5 0 -GTAGCCAGCGTTGCCGTAAAAGAGTC. For Bim PCR, the parameters used were T m ¼ 561C for 25 cycles, and for Bmf PCR the parameters T m ¼ 611C, 35 cycles were used. Control glyceraldehyde-3-phosphate dehydrogenase primers and parameters were described previously (Yoo et al., 2003) . All RT-PCR experiments were carried out at least two independent times.
Subcellular fractionation of membranes
Membrane fractions were prepared as described previously (Kaufmann et al., 2003) . Essentially, cells were grown in 15 cm plates to 80% confluency. TGFb was incubated with cells for 24 h, before harvesting in lysis buffer (210 mM Mannitol, 70 mM Sucrose, 20 mM Hepes, pH 7.4, 1 mM ethylenediamine-N, N, N 0 , N 0 -tetraacetic acid and protease inhibitors). Cells were homogenized in a Dounce homogenizer (20 strokes) and nuclei and cellular debris were removed by centrifugation at 500 g for 5 min to obtain a postnuclear supernatant (PNS). The PNS was centrifuged at 5100 g for 10 min to obtain the mitochondrial/endoplasmic reticulum pellet (HDM). Centrifugation of the post-HDM supernatant at 100 000 g for 60 min in a TLA100.1 yielded the low-density microsomal pellet (LDM) and the cytosolic supernatant (Cyt). 100 mg protein/ lane of each fraction were separated on 12% polyacrylamide gels. Protein localization analysis was carried out at least twice.
